










































































































































































































caused by decreased thrust
authority at higher altitude
Envelope at 12192.0 m
nominal trim envelope
high altitude envelope












Envelope in Landing Config. at 457.2 m
nominal trim envelope
landing configuration envelope






































EICAS Message ND/VSD TP 
Symbol Label 
Δ OVERSPEED PRED 
Δ OVERSPEED PRED 
 
Δ STALL PRED 
Δ STALL PRED 
 
Δ VERT SPEED LIMIT PRED 
 
Δ UNSTABLE LIMIT PRED 
 
Δ  HIGH FAST PRED 
























































































































































































cos (↵) cos ( )
+ g sin (↵) cos ( ) cos ( ) cos (✓)
+ g sin ( ) sin ( ) cos (✓)  g sin (✓) cos (↵) cos ( )
↵˙ =  SV⇢ (CL0 + CL↵↵)
2m cos ( )





[k✓u + r sin ( )]




[sin (↵) sin (✓) + cos (↵) cos ( ) cos (✓)]
✓˙ = k✓u Guidance	drives	pitch	rate	
A	Greedy	Pitch-Up	Maneuver	

































Given the recovery target (VT,↵T, ✓T = ↵T +  T), and weights









subject to Vmin  Vk  Vmax, ↵min  ↵k  ↵max
✓min  ✓k  ✓max, umin  u(k)  umax
linear dynamics between V ,↵, ✓, and u for all k
with respect to the guidance u(k) for k = 0, 1, 2, . . . ,N   1.
Yang Wang and Stephen Boyd, “Fast model predictive control using online optimization,” 
Control Systems Technology, IEEE Transactions on, vol. 18, pp. 267–278, March 2010.	
Op:mal	Pitch	Recovery	
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Recovery	Updates	with	Pilot	Flying	
24	
Each	recovery	trajectory	is	
just	a	plan.	
	
Pilot	may	not	follow	it	exactly	
•  Doesn’t	want	to	
•  Not	paying	aFen:on	
•  Just	doesn’t	track	it	well	
That’s	ok,	op:mal	guidance	is	
con:nuously	updated	at	
50Hz	from	current	aircral	
info.	
Thrust	Guidance	
•  Recovery	requires	increasing	kine:c	energy	(KE)	
–  Can	only	get	KE	from	al:tude	or	fuel	
–  So	save	al:tude	by	applying	max	thrust	ASAP	
–  Reducing	AoA		is	always	the	priority	
•  Piyall:	excess	nose-up	stabilizer	trim	can	cause	
uncontrollable	pitch	up	moment	at	full	thrust	
•  Propose	use	of	pitching	moment	coeﬃcients	to	
determine	elevator	limited	max	thrust		
–  Requires	engine	thrust	es:mate	(from	look-up	table)	
–  Just	a	ﬁrst	stab	at	a	tough	problem	
25	
Guidance	Display	
Evalua:on	Roadmap	
Automa:on	and	Informa:on	Management	
Experiment	(AIME)	–	11	crews,	220	ﬂights	
hFp://goo.gl/Jl7tJE,	and	analysis	at	DASC	2016,	and	SciTech	2016	
Jan.	2016	
Mar.	2018	 AIME	2	
Sept.	2019	 Technology	transi:on	demo	
Aug.	2014	 Tac:cal	Flight	Management	System	with	Maneuvering	Envelope	(TFMS-ME)	Experiment	–	10	crews,	80	ﬂights	
hFps://goo.gl/5FYhvv		
Apr.	2017	 SRG	
NASA	ARC	ACFS	
NASA	LaRC	RFD	
27	
Evalua:on	Objec:ves	
•  Development	and	Demonstra:on	
–  Raise	the	TRL	for	new	technology	via	tes:ng	and	demo	in	a	high-ﬁdelity	ﬂight	sim	
environment	(e.g.	conﬁrm	performance	across	span	of	targeted	condi:ons)	
–  Study	the	eﬀects	of	growing	automaFon	and	informaFon	complexity	
•  Evaluate	the	usability	and	acceptability	of	new	technology	concepts	
–  Is	project	on	correct	path,	or	need	a	change	of	direc:on?	
•  Discovery	(“learn	by	doing”)	
–  Design	characteris:cs	requiring	reﬁnement	for	future	studies	
–  Unknown	unknowns	related	to	state	awareness	and	predic:on	
•  Advance	test	infrastructure	capability	for	future	experiments	
–  Evaluate	the	use	of	the	eye-tracking	system	and	physio	measurement	system	for	
poten:al	to	validate	design	eﬀec:veness,	and	to	detect	aFen:on	issues	
–  Establish	conﬁdence	in	test	playorm	performance	given	new	modiﬁca:ons	
–  Iden:fy	gaps	and	capabili:es	to	be	improved	for	subsequent	studies	
28	
S.	D.	Young,	et	al.,	Evalua:ng	technologies	for	improved	airplane	state	awareness	and	predic:on.	In	AIAA	Infotech	@	
Aerospace,	number	AIAA	2016-2043.	American	Ins:tute	of	Aeronau:cs	and	Astronau:cs,	January	2016.	
Current	Tech.	Readiness	Levels	
Technology		
Readiness	Level*	
9	
7	
8	
6	
4	
5	
3	
2	
1	
System	iden:ﬁca:on	for	
envelope	es:ma:on	(oﬀ-
nominal)	
Safe	ﬂight	envelope	es:ma:on	
for	nominal	aircral	
Predic:ve	aler:ng	
Trajectory	predic:on	
Synop:c	displays	
Stall	recovery	guidance	
Industry/FAA	
involvement	required	
for	opera:onal	
development	and	use	
Industry/Gov.	Ini:alized	
through	CAST	
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*	not	including	opera:onal	readiness	
CAST	SE	
Research	
Objec:ve	
Conclusion	
•  CAST	mo:vated	research	objec:ves	
	
•  Looked	at	some	technology	interven:ons	that	may	achieve	these	Safety	
Enhancement	objec:ves	
–  Now	at	various	readiness	levels	
–  By-product:	A	set	of	scenarios	that	can	induce/expose	loss	of	state	awareness	
–  Core	technology	matura:on	for	other	applica:ons	
•  Looking	for	increased	feedback	and	interac:on	as	technologies	are	
matured	
–  Email:	stefan.r.schuet@nasa.gov;	steven.d.young@nasa.gov		
–  Solware	licensing	
–  Space	Act	Agreements	
–  NASA	Research	Announcements	
•  More	info:		
–  hFps://:.arc.nasa.gov/tech/asr/aces/ymsme/		
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